A study was carried out to investigate the immunochemical properties of the alkaline phosphatases present in liver, placenta, intestine, and kidney. Butanol extracts of the tissues were examined by antigen-antibody crossed electrophoresis, and the immunoprecipitates formed by the enzymes were identified by use of a specific stain for alkaline phosphatase.
There has been a growing interest in the use of immunochemical techniques for identifying and measuring isoenzymes of alkaline phosphatase (Schlamowitz and Bodansky, 1959; Boyer, 1963; Sussman et al., 1968; Jacoby and Bagshawe, 1972; Lehmann, 1975; Robinson, 1975) . These developments have been stimulated partly by the limited success achieved with physicochemical methods and partly by the increasing impact that immunochemistry is having in the field of clinical biochemistry.
One of the most powerful tools for discriminating between antigens to be developed over recent years is antigen-antibody crossed-immunoelectrophoresis (ClEF). However, a problem frequently encountered in this technique lies in the identification of individual immunoprecipitates. It is often difficult to obtain immunochemically pure preparations of antigens, and consequently antisera frequently contain antibodies to contaminating proteins. A number of methods have been described to overcome the problem of identification, including the use of specific staining procedures (Weeke, 1970) . This approach holds particular promise in enzymology because there are a wide range of histochemical stains that can be used to identify individual enzymes.
In this paper we shall present the results of a study in which a specific staining procedure was employed to identify the isoenzymes of alkaline phosphatase following ClEF of tissue extracts. The enzymes investigated were those of liver, placenta, intestine, and kidney.
Preparation of tissue extracts
Because the use of specific stains for examining ClEF plates permits reactions between antibodies and enzymes to be distinguished from those involving other tissue components it was not considered to be essential that antisera be raised against immunologically pure preparations of enzymes. Furthermore, we wished to avoid too many purification steps in order to reduce the possibility of losing isoenzymes present as minor components. On the other hand it was considered that some degree of purification would be necessary in order that material used as antigen would be sufficiently enriched in its enzyme content for the production of antienzyme antibodies to be stimulated.
Methods used for preparing tissue extracts were based on published procedures (Morton, 1950; Moss et al., 1967; Ghosh and Fishman, 1968) . Briefly, the steps involved were as follows: (1) Butanol extraction; (2) acetone precipitation (33--43% fraction);
(3) precipitation with saturated ammonium sulphate (50-70~~fraction); (4) gel exclusion chromatography on a column of Sephadex G-200 (60 ern x 5.5 ern), Tubes containing peak enzyme activity were concentrated by dialysis against polyethylene glycol.
Specimens of liver, kidney, and intestine were obtained at necropsy from patients whose diseases at the time of death did not primarily affect the organ concerned. Placentas, obtained at delivery after normal pregnancies, were supplied by the Department of Obstetrics, Withington Hospital. Three organs were used in the preparation of the kidney extract and four each for the intestine and liver. Some of the material used for booster doses of antigen was prepared from additional tissue. Enzyme activity in the fractions used for primary immunisation was An investigation into the immunochemical properties of the isoenzymes of human alkaline phosphatase 213 12 IU/ml for intestine, 47 IU/mI for kidney, and 125 IU/ml for liver. Specific activity of the enzyme in the three preparations was 10.8,232. and 780 IU/mg protein respectively.
Placental enzyme was a gift from E. L. Robinson. It had been prepared from pooled tissue from eight placentas and was likely therefore to consist of a mixture of polymorphic forms of the placental enzyme. Extraction was by a procedure similar to that above, with the addition of a final ion-exchange step on DEAE-Sephadex (A50). The material used for immunisation had an activity of 480 IU/ml, specific activity 1625 IU/mg protein.
For use as test materials in ClEF butanol extracts were concentrated approximately 10 times by dialysis in Visking tubing against polyethylene glycol 6000. After concentration the enzyme activity in the tissue extracts was 45 IU/ml for liver, 170 IU/ml for placenta, 23 IUjml for intestine, and 48 IU/ml for kidney.
Production of antisera
Rabbits were injected with antigen emulsified with an equal volume of Freund's complete adjuvant. Each animal received 0.1 ml of mixture at each of four sites on the back. After an interval of four weeks the animals were given a booster dose of antigen without the adjuvant. Blood was harvested a week after the booster injection from the ear vein. Further bleedings were taken at irregular intervals, each bleeding being preceded by a booster injection one week previously.
Crossed immunoelectrophoresis
This procedure was based on the method of Laurell (1965) . For the first run 8 ml of molten 1 % agarose (Indubiose A37, L'Industrie Biologique Francaise S.A.) dissolved in 0.05 M barbitone buffer (pH 8.6) containing 2.5 g/dl of sucrose, was poured on to glass plates measuring 76 x 50 mm. After the agarose had set a 2 mm diameter well was cut in one corner 1.5 em from the nearest two sides. The well was then filled with 5-7 fJ.1 of concentrated butanol extract of the tissue under investigation. Electrophoresis in the first dimension was carried out at 150 volts across the breadth of the plate for a time that had previously been established as the optimum for separating the isoenzymes---4 hours for liver and placenta and 6 hours for intestine and kidney. After the run in the first dimension a straight line was cut across the gel 2 em from the edge of the plate and the redundant agar was removed. Fresh agar (6 ml) previously mixed with antiserum at 56°C was then poured over the exposed area of glass. The volumes of antisera employed were 50 fJ.l for placental antiserum and 100 fJ.I for the others. The electrophoretic run in the second dimension was then carried out at 80 volts for 18 hours. The buffer in which the agar was dissolved for the second run was similar to that used for the first run except that the sucrose concentration was increased to 5 g/d!.
Alkaline phosphatase activity Alkaline phosphatase was measured on an AAII AutoAnalyzer using p-nitrophenyl phosphate as the substrate (Technicon method sheet AAII 06).
Staining of the ClEF plates
The alkaline phosphatase staining solution was made up with 2-amino-2-methylpropan-I-ol buffer (0.625 M, pH 10.25) containing 4 mmol/l of magnesium chloride. To 5 ml of buffer was added approximately 10 mg of I-naphthyl disodium orthophosphate (B.D.H.) followed by approximately 10 mg of diphenylamine diazonium sulphate (B.D.H.). Freshly prepared staining solution was carefully layered on the surface of the gel using a pasteur pipette. After the development of the stain, which took from a few seconds to a few minutes, the plates were washed under gently running tap water.
Ponceau S (B.D.H.) was used as a stain for protein.
RESULTS

Reactions of isoenzymes with their corresponding antisera
Concentrated butanol extracts of each tissue were submitted to ClEF against their corresponding antisera, and plates were stained for alkaline phosphatase activity. The results are shown in Fig. 1 . Placenta and liver each show one well defined precipitin band that stains for alkaline phosphatase activity and intestine and kidney each show two.
Confirmation that the precipitin lines were due to immunoprecipitation was proved by a control experiment in which normal rabbit serum replaced antiserum in the gel used for electrophoresis in the second dimension. No precipitin bands were seen, instead the enzymes were located as diffusely stained streaks.
Our conclusions from this experiment are that placenta and liver each contain an enzyme of single immunochemical type and intestine and kidney contain two. Enzymes in the latter two tissues have arbitrarily been labelled I and II.
A further series of ClEF tests were set up in an experiment identical with that described above except that the ClEF plates were treated with protein stain instead of the enzyme stain. Four faint immuno- (Alkaline III-phatase stain.) precipitation arcs were formed by liver extract; kidney and intestine each formed two. None of the arcs revealed by the protein stain coincided in position with any of the arcs previously revealed by the enzyme stain. It is concluded that the antisera to these three tissues contained antibodies to other tissue proteins additional to the alkaline phosphatase isoenzymes. In contrast. when the plate on which the placental material had been run was examined. the protein stain showed a single arc of immunoprecipitation that coincided exactly in position with the arc that had stained for enzyme activity. Within the limits of the sensitivity of the technique, therefore. the placental antiserum appeared monospecific for the enzyme.
Investigation 0/ cross-reactivity
Jmmunochemical reactivity between enzymes in the tissue extracts and their antisera having been demonstrated, the next step was to discover whether antisera raised against one tissue would cross-react with the enzymes in the others. We therefore, examined each tissue extract by ClEF against each antiserum in turn .
Discussion of the results of this experiment will be simplified if we first consider the results obtained with antisera to liver and placenta since these tissues each contained a single enzyme. When liver extract was run against the placental antiserum the appearance of the stained plate was similar to that observed when the extract was run against normal rabbit serum, i.e., no cross-reaction was observed. In a similar fashion the placental enzyme was found to show no cross-reactivity with the liver antiserum.
Turning to the intestinal isoenzymes, we found that when intestinal extract was run against placental antiserum a single precipitin arc was produced corresponding in position to enzyme I (Fig. 13 ).
When the extract was run against liver antiserum, a single precipitin arc corresponding to enzyme II was produced (Fig. 2b) . In each of these two ClEF plates there is also a diffuse area of staining indicating the presence of an enzyme that has not reacted with the antiserum.
We confirmed that the intestinal enzyme crossreacting with placental antiserum was enzyme I and that which cross-reacted with liver antiserum was enzyme II by an experiment employing a modified ClEF technique. The approach used in this experiment was to interpose a I em strip of agarose containing 200 !Jol of antiserum under test between the antigen and the antibody (intestinal antiserum) used in the second run. The results are shown in Fig. 3 . It will be seen that when the interposing strip An investigation i1l10 the immunochemical properties of the isoenzymes of human alkaline phosphatase 215 of agarose contained normal rabbit serum. the appearance of the arcs produced by enzymes I and II was unaffected (Fig. 3a) . In contrast, when placental antiserum was incorporated in the interposing strip the migration of enzyme I was retarded (Fig. 3b) . Similarly. liver antiserum caused the migration of enzyme II to be retarded (Fig. 3c) .
The specificity of the antibodies contained in the intestinal antiserum was then investigated by examining its cross-reactivity with the liver and placental enzymes. ClEF against liver enzyme resulted in a well-defined precipitin arc that stained for enzyme activity. but no reaction was observed following ClEF against the placental enzyme.
With regard to the kidney, the results of our investigations using ClEF showed immunochemical similarities between the two enzymes present in this tissue and those of intestine. In summary. kidney enzyme I behaved like intestinal enzyme II in crossreacting with liver antiserum. Kidney enzyme II behaved like intestinal enzyme I in its reaction with placental antiserum. When kidney extract was tested against intestinal antiserum, the result was similar to that produced by kidney antiserum.
The specificities of the antibodies present in kidney antiserum were found to be similar to those shown by intestinal antiserum. Kidney antiserum reacted with the liver antigen but not with the placental antigen. When intestinal extract reacted with kidney antiserum the appearance of the stained immunopre-cipitates was similar to that seen when intestinal antiserum was used.
A number of additional experiments were carried out to confirm our findings. One approach was to use the modified ClEF technique described above as a further test for cross-reactivity, because it was possible that the higher concentration of antisera incorporated in the intervening strip of gel might reveal weak cross-reactions not observed in the standard ClEF technique. Each antiserum was tested against each tissue extract but no evidence of additional reactivity was revealed.
A further issue to which we gave consideration was that serum contained in the organs might be the source of some of the enzymes observed in our experiments. Bearing in mind that serum forms only a small portion of the tissue comprising an organ, and that the various stages in the preparation of the test material result in only an approximately fourfold concentration of the enzymes, we consider it improbable that the concentrations of serum enzymes in the tissue extracts can have exceeded by a significant degree the concentration of those enzymes in neat serum. We therefore tested two pools of sera by ClEF against each antiserum. One of the pools had a normal level of alkaline phosphatase (90 IU/I); the other, from patients with liver disease, had a grossly elevated level (860 lUll>. No arcs were revealed on staining for enzyme in any of these experiments. 
Antisera Enzyme
Anti-Anti-Anti-Antiliver placenta intestine kidney Table 1 Enzyme Type Antisera specificity Liver L Anti-liver: Anti-L Placenta P Anti-placenta: Anti-P Intestine I PI Anti-intestine:
Anti-L + Anti-I Intestine II L Kidney I L Anti-kidney: Kidney II PI Anti-L + Anti-I
DISCUSSION
The results of the ClEF tests carried out on extracts of the four tissues under investigation are summarised in Table 1 . A scheme of enzyme classification and antisera specificity in keeping with the observed reactions is shown in Table 2 . L-type enzymes are those that react with the antiserum to liver enzyme, P-type enzymes are those reacting with antiserum to the placental enzyme. It is necessary to postulate a third type of specificity, I-type, because the reactions between intestinal enzyme I and kidney enzyme II with their antisera cannot be explained by the presence of antibodies directed against P-type determinants, since these antisera do not cross-react with the placental enzyme.
A classification of alkaline phosphatase enzymes similar to that described by ourselves was first proposed by Boyer (1963) . In his studies, employing starch gel electrophoresis of supernatant fluids from tissue extracts that had been treated with antisera, he identified three groups of enzymes. Class 1 included the enzymes of liver, bone, spleen, and the major kidney enzyme. An intestinal enzyme and the placental enzyme formed classes 2 and 3 respectively. These last two classes of enzyme showed partial cross-reactivity with each other and with a minor kidney component. Clearly our results serve largely to confirm Boyer's findings, although the greater discriminatory power of the ClEF technique has permitted a more confident differentiation to be made between the two types of enzymes that are present in both kidney and intestine. Schlamowitz and Bodansky (1959) , who employed an antiserum raised against an enzyme extracted from sarcoma of bone, demonstrated cross-reactivity with enzymes present in liver, kidney, and intestine. Their findings, obtained by a double-antibody precipitation technique, are compatable with our finding of an immunochemically related enzyme in each of these three organs. Sussman et al. (1968) , who also employed a double-antibody immunoprecipitation technique, claimed that an antiserum raised against liver enzyme and another raised against placental enzyme were each specific for the enzymes used as antigen. Neither antiserum cross-reacted with enzymes from bone, neutrophils, kidney, or intestine, although a second antiserum raised against liver enzyme was found to cross-react with enzymes present in neutrophils and kidney. They postulated that the cross-reactivities observed by earlier workers were due to inadequate purification of materials used as antigens. However, the failure of Sussman et al. to detect cross-reactivity may have been due to the fact that they do not appear to have tested the effect of increasing the concentration of antiserum: antisera often react more avidly with their autologous antigens than with related material.
The results obtained with the placental antiserum used in our experiments do not support the contention of Sussman et al. that cross-reactivity is not observed with antisera raised against highly purified antigens, nor do the observations of Lehmann (1975) . Lehmann employed crystallised enzymes to raise antisera against the isoenzymes of placenta and intestine. In both imrnunoprecipitation and double diffusion experiments he demonstrated cross-reactivity between each antigen with both antisera. By absorbing each antiserum with the other enzyme he was able to render each specific for its own antigen. He did not detect any cross-reactivity of either antiserum with liver, kidney, or bone alkaline phosphatases.
At first sight Lehmann's findings appear to differ from ours in a number of respects. However, most of the differences can be explained by the fact that Lehmann used highly purified enzymes in his study both as antigens and as test materials, with the result that all of the isoenzymes present in the organs may not have been represented. It is pertinent to note An investigation into the immunochemical properties 0/ the isoenzymes 0/ human alkaline phosphatase 217 here that DEAE Sephadex chromatography was used in his purification procedure. In experiments employing this technique we found that the first enzyme to emerge from the column was PI-type when intestinal extract was fractionated and L-type when kidney extract was run (unpublished observations). Consequently, it is likely that Lehmann's intestinal enzyme was pure PI-type and his kidney enzyme pure L-type. If so, his findings are in agreement with ours with one exception: Lehmann found cross-reactivity between placental enzyme and intestinal antiserum whereas we did not. However, it is well recognised that antisera from different animals may show differences in specificity when tested for crossreactivity against structurally related antigens, and if allowance is made for such differences our results are not in conflict.
Lehmann's demonstration that his antisera to the placental and intestinal enzymes could be made specific by absorbing each with purified enzyme of the other type is an important observation. It is likely that the specificity of his absorbed antiserum to the intestinal enzyme was directed against I-type determinants. The behaviour of his absorbed antiserum to placental enzyme points to the existence of a second type of antigenic determinant additional to the one identified in our study. Further work may well reveal the existence of determinants of other types that will permit greater discrimination to be made between isoenzymes from different tissues by use of antisera with narrower specificities than those employed in our study.
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